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shown for intestinal slices [28] and much higher than those
reported for 2D systems [8, 26]. These data suggest suit-
ability of this model for drug induced metabolic and trans-
porter studies that cannot be achieved by previous adult,
fetal, or Caco-2 monolayers [8, 26]. The dual presence of
transporters and enzymes in the 3D bioprinted intestinal
tissue model suggests that it could be used to shed light on
complex interactions, such as those seen with overlapping
P-gp/CYP3 A4 substrates [29].

[0336] Gastrointestinal toxicity is a common clinical
adverse event in drug development often associated with a
high prevalence of diarrhea, an outcome that cannot be
accurately predicted or characterized with current in vitro
models or in vivo models [4, 5, 30]. NSAID indomethacin
was used to successfully validate a toxicity response of the
3D bioprinted intestinal tissue. Tissues responded in a dose-
dependent manner with decreased TEER and increased cell
disruption, correlating with a decrease in barrier function
similar to that reported in in vitro [31] and in vivo outcomes
[4]. The 3D bioprinted intestinal tissue also responded to the
toxic inflammatory stimulus TNFa, a clinical target [30],
with decreased barrier function and upregulation of inflam-
matory genes, consistent with previous 2D models [32].
These data suggest that the 3D bioprinted intestinal model
may be applied to screen other known classes of compounds,
such as chemotherapeutics [5], that have off target toxicity
in the intestine and combined with long term viability,
indicates that the model is amenable to dosing and recovery
studies. Furthermore, upregulation of inflammation markers
suggests that future applications could include modeling
chronic disease such as inflammatory bowel disease (IBD),
Crohn’s disease, and colitis [4, 5, 30]. Additional complexity
can be achieved by incorporating immune cells and/or using
intestinal cells isolated by diseased donors [13, 24].

[0337] In summary, disclosed is a novel in vitro 3D
bioprinted intestinal tissue model with increased complexity
and function compared to standard models. The fully human
3D bioprinted intestinal model recapitulates the intestinal
mucosa, with physiological barrier function and expression
of key functional transporters and metabolic enzymes. The
3D bioprinted intestinal tissue provides a flexible platform
compatible with assays for barrier function, permeability,
metabolism, transport, and toxicity.

[0338] Additional applications of the 3D bioprinted intes-
tinal tissue model include utilization as a disease model to
characterize therapeutic targets for multiple applications
including inflammation, infectious disease, and endocrine
biology. High expression of enzymes involved in fatty acid
metabolism in the 3D bioprinted intestinal tissue indicate a
potential application for evaluating compounds targeting
these enzymes to combat obesity [33]. Furthermore, the
interstitium of the 3D bioprinted intestinal model provides a
platform for characterizing fibrogenesis, including injury
and regeneration such as wound healing, a disease pheno-
type that cannot be adequately modeled in 2D. To better
mimic the native microenvironment, additional applications
can utilize cells from different segments of the GI tract for
comparison to the ileum such as the duodenum, colon and
rectum and could integrate laminar flow. The 3D bioprinted
intestinal model could be specialized by addition of a variety
of cellular inputs to add complexity by incorporating, for
example, endothelial cells to model vasculature, smooth
muscle cells to more accurately model the submucosa and
gastrointestinal motility, and immune cells to model disease
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states. Cancer cells can also be added to model tumor
behavior in a 3D environment. Because of the native tissue-
like multicellularity and architecture, bioprinted 3D intesti-
nal tissues provide a unique opportunity to study complex
multifaceted processes including secretion, transport, cell-
cell interactions and pathogenic processes across multiple
applications in a controlled system.

[0339] While preferred embodiments of the present inven-
tion have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations,
changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be
understood that various alternatives to the embodiments of
the invention described herein may be employed in practic-
ing the invention.

[0340] All patents, patent applications and publications
cited herein are fully incorporated by reference herein.
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